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Ro l lovs r  l r equoncy  In  s lng le  veh lc le
crasl tss ls much hlgher lor plckup trucks and
u t l l l l y  ve l l l c lBs  (60 '80  pe rcen l )  l han  l l  l s  l o r
c a r s  ( 3 0 . 5 0  p e r c e n l ) .  V e l r l c l o  p a r B m s t s r s
a l l sc t l ng  s tab l l l l y  (and  thus  ro l l ovo r )  were
axamined  l o  ds l s lm lne  l hs l r  con l r l bu l l on  to  l hs
. l l lorsnco ln rol lover l requoncy alnong Passanger

cars,  plckup l rucks and ul l l l ty vahlclss '  Loglsl lc
teg ress lon  lBchn iques  were  used  to  d€ve lop
parema lo r  es l lma lss  l o r  l ho  r i sk  o l  ro l l ove r  I n
s ing le  veh ic lo  l a ta l  c rashas .  Fa ta l  Acc iden l
Fepor l l ng  Sys lam (FARS)  da ta  l o r  1981-1987
wers used lo0elhar wi l l l  snglnser lng dala Ior 11
modets ol  plckup, 16 models o[  ul i l i ly  vohlclo 8nd
11 models ol  passenger car.  Separate parameler
esl i rnsies were der ived Ior lh€ lhree vehlcle lypss
l c  p iEd lc t  r l sk  o l  ro l l ov€ r  l n  ru ra l  8nd  u tban
arBas .  Among  v€h lc le  d€s l tn  pa rame le rs ,  l ( ack
w id l l l  t o  c€n le r  o l  g rav l l y  he iO l l l  v /8s  l hs  s l ronges l
p t sd i c lo r  o !  veh l c l€  ro l l ove r  l o r  p l ckup  t rucks
a n d  u l l l i l y  v e h l c l e s ;  l o r  u l l l i l y  v E h l c l s t ,
whe€lbase lo l reck relb was also signl t lcanl .  For
passsng8r cars,  wl teelbage was the besl  Predlctor
o l  ro l l ovs r  r i sk .  A  comb lned  mode l  was  run  l o
eslaulsh $Jhether I  s lngie model could be used lo
predlct  rol lover r lsk lor el l  thr€e vehlcls lypes'
V/hBebase, t rack width lo cenlsr ol  gravl ty hehht
and dr lver aoe were al l  s lgnl t icanl  predlclots ol
rol lover r isk.  bul  w€re nol  6ul l lc l€nl  lo explaln
a i l  t hs  va l l s t l on  l n  ro l l ovBr  t l sk  be lween  l i gh l
l ruc! .s and pBss6np€r cars.  Ttre modsls showed
'hat reduclnq l i te l rBck wkJt l l  lo cenlet  ol  gt8vl ly

' - rrel0ht 
rs l lo ol  l rucks lo lhsl  lor  passenger cars

could reduoe tollovar lrequercy by 8s much Bs 60
Parcsn'r .

Parameters  Rela ted to  Rol lover
FrequencY

l an  S ,  Jones
Forenslc Technologles lnternat ional

Mar la  B .  PennY
Resource Plannlng CorP.

tNfRoDtEncx'l

Tite number of l lghl lrucks Includlng vans'
p lckups ,  and u l l l l l y  veh lc las  has  lnc roased

!u t  s tan i ta t l y  ovsr  ths  Pas l  l l vo  y€8rs ,  .and l lg l r t

trucks now consl l lule slmosl one-thlrd ol l l l8 n€w

v e l r l c l e  m a r k e t . l  A s  a  c o n s e q u e n c s . o l  l h €
lncreased numbers  o(  lhsso  veh lc les ,  wh lch  s rs
des lgned  d l l l e ren l l y  t han  pess€ng8r  co rE  sno  a r€

no l  
- sub lec l  

l o  t ho  sama ss l s l y  po r lo rmsnce

ir"natta! ,  lhBre h86 boen concsrn thal  th ls group

ol vehlcies ls ovar- lnvolved ln crashos'2 Earl ler

i r ud les  hava  shcwn  the t  l l gh l  l r ucks  have  a

DroDensl ly lo rol l  ovet '  3 '4 Howsvar '  l t  ls  not

I i r , i i r .  v ihal  axtent lh ls ls Inherenl  ln lha tyPe ol

vehlcle ( i .e. ,  l ighl  l rucks are deslgned lor high

orounO .r t r t"n"8 and/or load carrylng cBpBcl ly

i nJ  tnu t  l t ave  a  h lg l re t  cen le r  o l  g rsv i t y  l han

passeng€r  ca rs ) ,  o r  whe lh€ r  l t  occu rg  because
ihesa  veh lc las  a re  ope ra tsd  under  d l l l e r sn l

-condl l lons.

A  recen l  s tuoy  p rov lded  compar l sons .o t
occupanl ls lst l ty rates lor ver lous sizs cetsgor les

of late model pBSssnOer cars 8nd l l0hl  l rucks'

lnvolvemSnt IaleS !YeI€ compuled uslng data l tom

inr- i"rt i  n.tfoe nl Beportlng Syslem (FARS) and

lhe R.L. Polk and Co. vehlcle reqls lrBl ion dala ' '

OccuDanl latal i ly  rales dacreasad wl lh lncreasrno

;;- ;a;" t  8nd wl lh lncteaslng slzo o( l lghl  l ruck

(F lgu re  1 ) ,  s t t hough  l ! l €  rE les  l o r  l lQh l  t t ucKs

vreia general ty hlgt ler lhsn lor passenger cars-

L Ioh t  t ruck  l s l a l l l y  ra t ss  l n  mu l l l p l e ' vs l l l c l e
"r i rn. t  were slmltai  lo thosg ol  comparably s lzed

o a s s € n o g r  c a r s ,  w h a r e a s  l h s  6 i n g l 8 ' v e l l l c l €

i r r . f f r v  i . t t t  t o r  l l gh l  l t ucks  ws te  Ebou l  doub ls

those  fo r  comparab ly  s l zed  passenggr  ca rs
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-(oxcspl  lor  stnal l  u l l t l ly  vehlclss whlch Yrete

) , "n r  
' t ou ,  

l l t nos  t l t e  l n l s  l o r  6m8 l l  psss0n90r

c s r E ) .' l  h o  f  n t a l l l y  r o l e s  l o l  s l n g l o ' v o t t l c l e

rol lover c ir ,s l ros mitror thoss lor t l r rglo-vol l lc le

; ; ; ; i ' ; .  sw0es l i no  l ns t  t l t s  l o la l l r v  I 0 lo .  l s

t j o r r t l t t a lud  bY-  ro l l ove t  c t ss l res '  Morsovo r '  l l g l l l

ur l l t  r ,a"a- I t  much hlplret  l l ropor l lo l l  o l  rol lovor

" ' o t f i . t  l r t vo l v lng  fa lo l l t l os  (00 -80  pB 'con j )

i l ; ; ;do p"srr , 'goicars (30'50 porconl) '  8nd lhls

io-n r^,gl  oxton- l  Bccounls lor t l re l t  h lg\e( 6lnql€ '

v  o l r l c l a  l s l s l l lY  rB lo .
Becau6o  o l  t l t o  w ldo  vs r lB t l on  In  ro l l ove r

l roq t re l l cy  l l r s l  c l os r l y  sx l s le  be lween  ve l t l c l s

l y n o g ,  l l r l s  p a p o r  e x a m l t t o s  Y { l l € t l l o r  v o l l l c l o

i ; ; , ; ; ,  l ; . i " ; t - u t t . . t t n9  s lEb l l l l v  s re  co r re l s led

w l l l l  r o t l ov€ r  I t squoncy  l r r  l s l n l  c r s6has '  l n

n t i i i . r f ^ i  i t r e  t ssue  o i  w l re l l r e r  d l l l s r sncss  l n

! i n i l i r r r y  c l r o t a c l o r l s l l c s  s c c o u n l  l o r  l h s

d l J le ro r i ce  l t t  r o l l ove t  ra l ss  bs twssn  p l cku .p

l rucks ,  u t l l l l y  ve l t l c l es  and  passenger  ca rs  t s

ox3I | ] l l  )go ,

lJEl I IOOS Al'lD ti{t TER|r\LS

:  jnoinaer lno An alvsls

' l 'o 8s5sss l l le rels l lve lmportance ol

velr lc le deslgn vsrsus operFt ln0 characler is l lcs '

epp r  o  p r i a  l e  va l r l c l e  s lab l l l l y .  cha rsc t€ r i s l l cs

must be det lned ln lerms ol  engineerlng vsr lablog'

There Br€ lwo commDn tnecl tanlsms o[ rol ]over:

ovo r lu rn ing  by  s l i d ing  and  ove r lu rn lng  by

I t lPP lng  '-Fo r  
a  vsh l c le  l o  t o l l  ove r  by .  s l i d lng

{FiAUrG 2a),  lhs latersl  acceleral lon 8y ls 9rven

bi '  l i lB e xPr esslon:

av  >  T /2  hso '
wltere f  -  t racL i ldth ol  vslr lc le

lrsg = gsnlg1 o!  0ravl ly heiglr l  o{  vehlcle

Otrcs l l )g la leral  accelerBl lon exceeds- l l te

value o{ lh ls tBl lo,  f l re vel l lc le wi l l  ro l lovgr ' .  Tlr ls

I tBa r l s  t l r a l  l n  a  co l t t a r l ng  maneuver  l l l e  l a rg€ r

l l r e  v a l u B  o l  l l l e  r o l l o  l r a c k  \ Y l d t l l  l o  c e n l e r  o l

grBv l t y  he lg l ) l  ( co  ho lQh l ) . .  l l r e  l ess^  ]P : tY - l l l
ve l r i c le  ts  !c  ro l lovs t  111g6 5 l ide  ou t  nccoro lngry '

i r iu rr"qru.oy ol  rol lover s l)ould coirs lal6 wl l l l

i l , L ,  , " t l o  l o r  spec l l l c  makes  anC n lode ls  o l

velr lc les.  Tlral  Is,  mcdels t i )Rl  l lave low valuos ol
-  

l l re tBl lo l r8l l  t reck width lo cg helght s l )ould h8ve

s  l r l g l re r  ro l l ove r  l r equency '  Ea r l l s r  rosea rcn

0s leb l lEhsd  l hs t  such  a  co r rs l r l l on  ex l s t c  l o r

',iil*g;*',?lS."J:,?,'i3i'Jl";Jl'i""il'!$:;
t" '""of i t ; t ' touor, 

by tt lppln0 (Fl9ur6. 2b) ." 'n .P:
cuusod'b-y i t te  vo l ; lc l8  s l r lk l r rq  s  cutb or . f  rom.. lh ,s

;i:;li, i,'lru; "!, ;' I ; !,11 :x''," " li i ll, o,',lll';
f ,fppfn-g 

-rlrutrfon 
was rltown to bo:5'8

z  29  lo" >frr;-

WllBro lo ls ihe rot l  mornonl ot Inort ln sboul lhs

i"" i . .r  
-p"i"r.  

hca iho conlsr ol gravlty helghl '  y

irrr"rt"rr irit tracti'wtort', and m the vehldo mast'

f , p p t " - i * t i f  " g  l l r e  r o l l  l n e r l l a  R s

,Jl uf"t  * 11i1t12 wltere w ls t l re wldlh ol lho

"'"n,.,f t"a U tn. f''6nr and assumlng w - 2y and

l l  -  2h the expresslon lor t l re laloral velocl ly lor

lrlpplng csn be rlmPlltled to:7

m_,
{  \ " .s  /

u t  >+r,[,.4'l{'"  ' .  h / \

Thls axpresslon Euggesls lhBl . .cBndld€ts

ffj5:f .,,hi::"ii'.?,fi "::liJl"'i'l?li'i"l,,ji"i
l,f ri,., r''.r'/il;'",fl ,l?lgl' llji;,n,r€ r s rh I r

l:i:illi iiil " ;.*:m'lI" "11'i:"1' ;' "iii'i,l
l f , " r 'a - r r t "  u i  cons lde tad '  For  examPle '  l l

i " l ' ""J'  i t - t t , . ,"d lo tha. mBgnlludo o( tho lBtetsl

lr,l ;;;jS i; l"f J'"J' ;!'' i.$ij"i nx ".';' J :!:!
I y;: ; t,;ll'r:i? ::, J,:i *:';'il","jf)'.x;
ou"o uour,r., 

tor l l te varlables' wheelbase' trsck

*nfOrn a,li 
-cl"fei 

gravlly halght wars obtslne-d. for

a< mRnv models o l  psssBnger cars and l l?h l  l rucr 's"n-,:,x j:tl;'""'",1,1"J1,',,Ji'i^"il'l''o'li'1
ars Olvsn In Tsbl€ A1'
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fnrtsttcat Analyslq

Slnole vshicle ctashos Involvlng plckup

lrucf i6. .  u l l t l ly  vel t lc les snt l  pass0n0€r catB walo
obtalrred l rom Uls Fats!  Accl ' ronl  Rcporl lng Systom

(FARSl l2  and  mg lc l red  w l l l t  on0 ln66 r inO da l8 .

i r o rn  Tab le  A1 ,  l o r  each  l r r c j l v l dua l  msLo  and
mods l  o l  vBh lc l6 .  A l t t ) oug l l  l ho  €ng ln88 r ln0  dE l0
wB16 lEk€n l rom a epocl t lc ntodel yeor vohlclo '  a l l

aoo l l ceb le  mode l  yea rs  to r  l l l I t  vo l t l c l e  wero

hciuded. A lotal  o{ 1 I  modols ol  plcktrp l ruck'  15

m o d e l s  o f  u l l l l t y  v e h l c l e  8 n d  1 1  m o d o l s  o l
paEsong€r  cs r  ws rs  mvered .  l  hs  ds !0  l l om lhs
Bccidonl t l lo 8nd lho englt teer lng var isbles worg
t)sed lo ssl lmato l t ro odds ol  a rol t 'cvot,  Olvon B
6 lno l s  veh lc lo  c r86 l l .  66  a  l unc l l on  o l  l h€
eng lnee r lng  po r3 rnB lo rs :  whee lbase ,  l rBck  w ld l l l
to l9 haiqhl  rat io,  and wlteolbase lo l rack wldlh
rat to.  

' t  
hs ssl l tnolos are dor lvod lhrough mult lp lo

logis l lc tegresslon tscl ln jques l l lat  conlrol  lor  l l ls

s imu l taneous  e l f sc t s  o l  d r l va r  age .13  sePBrB ts
rs6ul ls wsrs obtalnad lor rural  snd urban Br€8s'
- \ ls analyela covers eccldents occutr lng dur lng

,  y € a r B  1 9 8 , l - 1 9 8 7 .  O n l y  s l n g l e  v e h i c l e
c rashes  were  cons lde red  becauss  ro l l ove r  l s
preciominant ly a s ingle vehlcle crssh problem snd
m e c l t a n l s m s  o l  r o l l o v a r  I n  m u l l l  v s h l c l e
col l ls ions are l lkely to be dl l lerant.  Table 1
summarkas lhe sample size eval lable tor sach
vahlcls lvoe.

to nt  t t re regresslon modals,  lhs logls l lc
regresslon procedurc (Proc LogistJ kom lhs SAS
Users  Grcup  l n l s rna l l ona l  (SUGI )  supp lemen ta l

l l b ra ry  o I  l hs  SAS Ins l l l u l s  was  used . l  4  The
dePBndBn t  va r lab le  In  each  obso rva l l on  i s  t l r e
prssonc€ or sbsencs ol  rc l lover ln I  s lnOla vel l lc ls
c fash  k rvo l v ln0  8  l a lE l l l y .  T l r l s  va r l ab le  wes
ssslgned a value ol  one l l  the vshlcle rot l€d and
zsro olhorwlte.

The ragreeslon equel lona werg u6od lo
prsdict  lhe lce odds ol  rol iovsr ln a slngle vehicla
iatal  crcslr .  Tlre bg odds are l l te log ot  l l )o rs l io ol
two  o robab l l l l l €s .  Thg  numsrs to r  i s  l l ) e
p robsb l l l t y  t ha l  l h€  v€h lc le  w l l l  r o l l ovo r ;  l he
dsncmlnator ls the probebi l l ly  t t ral  lh is wl l l  nol
cccur.  Thsse odds are prodiclod as e lu; ]ct ion o[
d rh 'o /  aOa  as  wa l l  as  wh€8 lbase ,  ra l l o  c t  l r ock
wici t l r  to centst  ol  gravl ly heighl  snd t t8cl ' .  wldth

.  wh6slbeso ral lo lor l l ie par l lcular make and
rrrodel ol vehide involvaC ln lhe sccldent. Bscause
l l rere ls rnr a pr lor l  way lo eslzbl ish whelher the
eng lnea r ing  va r iab les  accoun l  f o r  s l l  l ho
var ial lon b€hvosn v€hlcle lyP€6 and because thElr

rol lover mochonlsms ntay be dl l lsrent '  tsparals

analysss Y/€rs run for paseenger ca16'  plc l (up

i ' , r cx r  snO u t l l l l y  veh l c loE .  Separa le  a t ra l yso r

" re ro  a l so  run  l o t  u lban  8nd  l u ta l  B roas  beceusa

i i , u  
- t " " i t "n t s rn  

o l  t o l l ove r  cou ld  bo  d l l l s ron t  l n

i i i r r .  " r"ot .  To develop a r l r tg le modol !c prodlct

(ol lov€r odds, 0 model wss l l l tsd wl l l l  sn v€l l1 'c l6

l vpee  comb l r red  by  Inc lud lng  B  cB lsgo r l cB l
J J t i t u l o  d o l l n l n g  v s l r l c l s  l y p o '  W h e r o

B p p r o p r l a l 6 ,  l h € .  p r o d l c t o r  v s r l 8 b l 0 6  w o r e

centerod Bboul l l lo l r  moan valus.
To  l l i us l ra l s  t i r e  ro la l l onsh lpE  bs lw€sn . l l l €

l ndopsndon t  vs r l ab les ,  l h€  co r t s lB l l on  ma t r l css

lo r  ru rn l  and  u rban  a rsBs  a ro  g l ven  In  T lb lo  2 '

l . l o l o  ths l  B  ca logo r l ca l  va r l ab le  v0 l l l c l e  t yp0  l s

l nc ludod  wh lch  l skss  t l t €  vs lue  0  l o r  paBs0n90r

ca rs  o t td  1  l o r  P l ckup  o r  u l l t l l y  vo l l l c l o6 '  l n

ru ra l  a reas ,  l l l s  s l rongeE l  co l r s lB l l on  occu rs

botwaen v€hlcl€ lyps and lhs track wldlh lo c0

troigf i r  raf  lo (cars havo hlglr  values ol  l rsck wldl l r

io ca Iretgtr t ' rar lo,  l rucks l tgve low vah-ros) '  Wl l l l

i r r .  i t t t p r ron  o i  l h .  p t t t t t l s r  comb lna l l ons

i i iu. l  ro whoeibase) and l t rack lo cg halghl)  and

i trsck to whe€lbass) and (dr lver ago) '  a l l  ot l , ter

DaramBler comblnal lons show somo cortelSl lon

ir i l i .  f t  Or" ln part  lo lhe lsrgs sample 6ho) '  Tho

DattBrn lor urban Braas ls eknl lar '

BESULTS

Paramslsr ssl imelss lor rural  areas glven

tn  Tsb lg  3 ,  ws rs  de t i ved  us lng  tha  l o rward

s tspw lss  op l l on  o l  P roG Log ls l .  I t p t l . s - l a
esl imales wers der ivsd lor plckup l rucxs'  ul l l r ly

v e h l c l e s  a n d  p e s s a n g o r  c a 1 6 ,  l n d e P € n d o n t
va t i ab les  fo r .poss lb le  l nc lus lon  ws ro :  d r l vB r  80s '

wh€e lbase ,  t i sck  w ld t l r  l o  cg  hs igh t  ra l l o  and

lrsck wldth lo wh8stbas€ r8l lo.
For Pickup lrucks, th€ eslimales ars oaseo

on  3363  bbse tva t l ons  w l th  1873  to l l ovs rs :

dr lvor age and l rack v/ idth lo cg helght ts l lo wers

lh€  bes t  p red i c lo rs  o l  ro l l ove r  odds '  l l l €

remalnlng var lables dld nol  raach lhe 5 porcenl

slgnl t icance requlred lor lncluslon, Tl lus,  once

lh-e var iablss dr lver age and l racl i  v/ id lh l0 c0

he lgh l  ra l l o  s re  Inc ludeC.  ne i tna r  whBs lbsss  no r

t r s ; k  w ld l i )  t o  whee lbsse  ta t l o  n re  ;mPor tan t
Drediclors ol  rol lovEr odcjs.  Both dr ive r  aqe and

iack width lo cg halght params(6r sst lmalss have

e  nega l l ve  s lgn ,  I nd l ca t i ng  l ha l  ro l l ovBr  odds

dsc reBss  w i l h  I nc reas lng  d r l ve r  804  8no

Increasing trsck wldlh lo c0 helghl  ral lo '
F o r  u t l l l t y  v s h l c l e s '  l h e r €  w e r € .  1 2 2 4

observet lons wl lh 720 rol loverg. Ttgcl  wldth t0



'oalbass rel lo Bnd l rgck wldlh to cg holght rBl lo

. . c r s  l l r €  bes l  p red i c lo rs .  Tho  t reck  w ld th  to

wlreobase rRl lo hes a pcsl l lve 5l0n Indical lnO l l la l
t o l l o v e r  l n c t e a B € s  s s  l l l l s  r s l l o  I n c r s a s o g  o r

ve l r l c l es  l l r n l  8 ro  sho r t  l r t  l onp lh  r s lB l i v€  l 3  l h6 l r
vr ld l t l  l lavo l r lq l tor rol lc-rver odds. Tlre l tack wldl l l

l o  c0  l r€ l8 t r l  t s l l o  has  nogE l l vs  r l g .n  wh lch  l s

consislonl  wl l l )  l i l6 I tchup l ruck mod0l.
Fo r  passenger  ce rs ,  l l r e  €6 l l l na loS  ws rs

based  on  5 i53  obse rva t l ons  w l l h  188?  ro l l ovo rs '
W l r e e l b a s e  n n d  d r l v e r  a q o  w 8 t €  l l l o  b o s l
Dr0cl lc lors ol  to l lover odds, orrd trock wldth lo ca

i r s lg l r t  d t J  no l  on l€ r  l l t o  n roda l '  Bo l l l  pB ran ls lo r

ost i innlas hsvo ne0al lve slgn hrdlcal l r lg lhal  lar0or
(o r  l o t rge r  w l l es 'base )  ca rs  and  o ldo r  d r l vo l s
i revo  l o " ro r  t o l l ove r  odds .  n l  l l r s t  E l0 i t l  l l l s
passsnger  co r  t nodo l  l s  qu l l e  d l l l e ren l  l r om l l r o
p i ckup  end  u l l l l l y  ve l r l c l e  modo ls .  Hov rove r ,
n l l l r oug t r  w l ree lbaso  l s  BB lsc tsd  In  p ro lo rgnc0  l o
lh0  l r sck  v / l d t l l  l o  cg  he lg l r t  l 8 l l o ,  t l r e  lwo
oRrnn te le rs  8 rg  co l re la lod ,  and ,  89  Tob lo  n1
s l rov /s ,  cen le r  o l  g rBv l l ) '  ho lg l r l s  do  no l  va ry
sl tbslst) t la l iv sctoss passon0er car models 6ucl l
l l ra l  l l re t r  Bck t \ ' ld lh lo c0 l reigl t l  ra l lo bocomcs a
su r ro0a lB  l o r  ve  l t i c l g  s i ze ,

To  I l l us l ra l s  l l l e  goodness -o l ' l l l  o l  l hB
I  kup  t ruck /u l l l l l y  ve l r l c l e  mode ls '  F lgu ro  3

S l rows  lo r  ru ra l  a reas ,  l hs  exp€c led  p robab i l i l y  o f
ro l l ove r  p lo l l ed  ags lns l  obse rved  p robab l l l l y .
I ' l o l e  l l r a t  l l l €  passe r l0e r  ca r  modg l  hss  no l  bo€n
Irclur ied. Expecled probabl l i l ies lot  eacl l  model ot
ve l r i c l e  a re  compu t€d  by  mu l l l p l y l ng  l h€
parg t  e le r  es l lma les  by  the l r  n lean  ve lues
(ca l cu la led  l rom l l t e  obse rvg l i ons  Io r  l ha l
v e l r l c l e ) .  O u l t e  c l e a r l y  t l l e r s  i s  g o o d
cotrespondence belwean expecled 8nd observsd
proLrabl i l l ies wir ich ls rgt lected In lhB l la. t ion ol
concoldant pairs between prsdlc led and observed
respo t l ses :  0 .61  l o r  p l c l ' up  l rucks  and  0 .58  l o r
ul i l i ly  vehicles sl lcwn ln Table 3.

To  i l l us t ra le  l l r e  l n l l uence  o l  l l r e  l r ack
wldl l r  to cg l reigl t l  ra l io cn rot lover odds'  Figure 4
s l rows  expec led  p fobab l l l l y  o l  t o l l ove r  l n  ru rB l
a reas  p lo l t ed  a0ah ls t  t l r l s  r s t l o .  The  expec led
probabi l l ty lor  eacl t  ntake, ' l l )odel  was 0€nBfalsd
by  se t t l r rg  l l l s  o lhg l  pa ra r l l e l€ rs  a l  l l l € l r  I noBn
va lues  l o r  l l lB t  rnode t .  l  l r e  l l gu re  6 l l ows  a
n lo t ro lo r l l ca l l l '  dec reas inq  r l sk  o l  ro l l ovs r  r v l l h
I t r c reas l t rg  I t sck  w ld l l l  l o  cg  l l a l gh l  ra l l o .  Thg
r o l l o v e r  r l s k  d e c r s B s e s  l r o m  0 . 8  l o  0 . 5  ( 8
decrease ol  38%) l rorn a correspondlng IncreasB

.  
'  

u re  l r ack  w id lh  l o  ca  he lg l r l  r e i l o  o l  1 .0  l o  1 '3 .
' .  

. - r  e  ve l r i c l e  w l l l l  E  noml t l a l  l r sck  w ld lh  o l  60
h rc l res  l l r l s  wou lC  tep resen l  a  dec teasa  In  cg

heloht ol 7 hchee' Neo evldent lrom lho flguro 13

tnai  rne et lect  ol  l l rs l tBck wldth lo ca helght ta l lo

i r-ntot ,  prot louttced lor t l re ut l l l ly  velr lc les than

the  p l ckup  l rucks .  a  ( sc t  l ha l  l s  re l l ec lod  In  the

. "9n t tuO i  o {  l l r o l r  pa rBm€ ls t  ss l l r nB tBs  ( l ' 0 "

Z .4S  lo r  p l ckups  co rnpo rod  to  ' 7 ' 10  l o r  u l l l l l y

veh lc lee ) .'  
Tab le  4  g l ves  l l l €  ps rsms le r  ss l lmRtos

dor l ved  l o  p rod l c l  ro l l ove r  odds  In  u rba r t  e reag '

i t r o  oe  t tma ics  a ro  basod  on  1343  obse rva l l o l . t s
w l l i r  345  ro l l ovo r t  l o r  p l ckup  t rucks ;  534

o b s e r v a t l o n s  w i t h  2 7 8  r o l l o v o r s  l o r  u t l l l l y

r o n t " t n a  n n d  4 2 1 9  o b 6 B r v B l l o n E  w l l l )  5 2 9

ro l l ovo ts  l o r  passon [ r s r  cs rS '  Tho  vn r lob les

no lec ted  l o r  i he  p l ckup  l ruck  mods l  8nd  l h0
passsng€r  ca r  n todo l  8 l€  l h f i  3ome 88  l o r  t u ta t
' o lou . ;  ' r i o *o "n r ,  

l n  l hs  u t l l l t y  ve l r l c l o  mode l '

wfreelbnss ls sslecled ln pralorence lo tho l tact i  to

wlroolbBss ral lo.  Tablo 2 shows thal  b 'olh ol  lheso

uor lnU t " t  a to  s l rono ly  co r rs l s l sd '  Thu r '  l hs

modols lor rutal  and utbBn orr  vsry Elml lar '
Becauss l t re models lor plckup truck's snd

u i l l l l v  vsh l c les  a ro  qu l te  s lm l l a r ,  l l  cou ld  be

" i"r la rnor thev slroul i  be l realed as ons vehlcle

i ; ; ; . -  A l so ,  I n  l r ) ' i ng  l o  und0rs tsnd  l he

i |Lionsrtrp belwg€n iot lover odds gnd lh€ l rBt!"

* fJrn ro cg helght rst lo,  l l  could bs Ergusd lhsf

orr .rno"r.rr t  iepresenl lhe hlgh end ol  the ranpe

6ri- f i t t r tO ss f l  sepsrato 0roup don' l  sxhlbl t  I

*n ld "  enough  fang€  l o  deve lop  a  s lgn l l l csn l

re la t l ons l l l p l  To  exp lo ro  l heso  l deas ,  l u r thBr

o " r " . " t o .  e g l l m a l s s  w e t e  d e r l v s d  l o r  l h e

lo .U f  " .O  samp le  o f  p l ckup  t ruc .ks '  u l l l l t y

veh lc les  and  passen ie r  ca rs '  To  d l l l s ten l tB le
U.r*""n vehlcie lypei  two cBlsgorbBl var lables

were usad "plckup'  Bnd 
'u l l l l ly ' i  'p lckup'  lsklng

the value ol  0 lo i  cars or ul l l l ly  velr lc les and. 1

loi  o ickups, and 
'ut i l l ly '  laklog t l rB valus ol  0- Ior

cars or pickups anC 1 lor ul l l l l les Table 5 glves

ine parurnuf" l .  osl lmslss Io predict  to l lover odds

ln  ru ra l  a reas  and  
' I ab lB  6  l he  co r respono lng

asl imates lor utban areas'  The r |oosis are vBry

t i r i i r r '  t r ,o*rnp lhal  dr lvor age, wheslbasa and

t rack  w id th  l o  c0  ha lgh l  r s l l o  B rs  s l rong

DredictorE ol  rol lover odds. N! l i ) ros parsln€ler

L . i t r n " t " t  R ts  nsga l l vB  Ind l cB l l n0  l l rB l  ro l l ovBr

o d d s  d e c r e a s B  w l l h  l n c l s B s l n P  d r l v e r  e 9 e  '
I n c r a e s l n g  w l r e e l b a s e  ( l a r O €  v B h l c l e 3 .  E / e  l a s s

l lke lv  lo  to l l  lhsn smal t  va l r lc los)  and IncrsSsln0

f ' g ; i  * f O r h  t o  c A  l r s l g h l  r a t l o .  H o w e v o r '  b o l h

m o d e l s  s h o w  l h s t '  8 ! t e f  l a k i n B  a c c o u t t l  o l  l h e

v a r l a t i o n  e x p l a l n e d  b y  l h e s e  e n g l n s s r l n g

b 6 r s m s l e r s  s n d  t h e  c i r l v e r  a g e  p s r B m e l e r '  l l 1 8 r e

i s  s r t t t  a  E l o n l l i c s n t  u n e x p l a l n e d  v a r l s l l o n
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belweon passsngor cars, plckup trucks 8nd ul l l ; ty
ve l r l c les ,  T l ra l  l s ,  lo r  oo l l l  lu (a l  and urban a toa9 '
l he  voh lc le  l yps  pa ram€ l€ rs  8 ro  6 lg l l l l l cB l l l '  Fo r

fu ra l  s rgas  Ine  pAramot€ t  €s l i l no io  l o r  p l ckups
( 0 . 6 9 5 )  i s  n o t  ; l 0 n l l i c s r ) l l y  d l { l e r 0 n l  ( p ' ' 0 5 )
i i om t l r a f  l o r  u t l l l t y  ve l t l c l ss  (0 .965 ) ,  bu l  bo l l l
s r o  r l g n l f l c a n l l y  d i l l o t o n t  l t o m  z € r o ,  l ' B '
passor)g€r cars.  Tl ls sBrtro holds l ruo lo{ ulban
arsas. Thus, ln l€rmG ol  predlct lng rol lover odds
l l rere ls no dl l lsroocs bBlw€8n plckup l ruc*s and
u l i l l l y  v o h l c l e s  { o n c o  d r l v e r  8 o e  E t l d  l h 0
eno lnse t l ng  pDrBmo lo rs  8 rs  Inc luded) ,  a l l hou0h
bo l l r  a rs  s ign l l l can l l y  d l l l a r sn l  l r om pa6ssngs r
ca fs .

To  l l l ue l ro le  goodnoss 'o l - l l t ,  F lgu ro  5
s l rows  l o r  ru re l  a roas ,  oxpec tod  p lobab l l l t y  o l
ro l l ovo r  p lo l l ed  s0B lns l  obso tved  p robab l l l t y .  l t
i s  c l e a r  l l ) a l  l h 0  c o m b l t r e d  m o d € l  l 5  I 0 o o d
pred lc to r  o I  ro t l ovs r  l o r  a l l  t l r r oe  veh lc l s  l yPos ,
To explore ths Inl luonce ol  lhe track wldlh lo c0
l tel t l l t  ra l lo on rol lovar odds lor l l t ls  comblned
modef,  Figure 6 shows axpeclad probabl l i ly  ol
ro l l ove r  I n  ru ra l  a reas  p lo t t€d  aOB ins l  t h i s  t a l l o .
Tl te l igure shows a monoloni :al ly decreaslng r ls l ' .
o l  t o l l ovs r  w l th  Inc reas l r rg  l i sck  w iC lh  l o  cg
halglr t  rat lo l r respacl ive ol  vehlcls lyP€.

Drscus$or{

Thls analysls ol  FARS dala shows thal
lhere ara slgnl t icant rs lat loashlps bslween th€
r isk oI  rol lovcr l r  s lngle-vehlcle lstal  crashGs
and engineorlng pErametBrs thst  descr ibs v€hlcle
s tab i l l { y .  O l  l , \ e  ve l r l c i s  6 l sb l l l t y  va r l eb les
conshered, t rack widlh lo c!  hsight ral lo was InB
slrot \gesl  predictor o{ vel t lc le rol lover Ior plckup
t r u c k s  a n d  u t i l i l y  v e h i c l s s ,  a i t h o u g h  I o r
pessgngel cBrs wheelbase wes a bgl ler prodlclor.
Fo r  u t l l l t y  veh i c las  t r sck  w id th  l o  wheB lba6s
rs t i o  v , , as  a l so  a  sL rong  p rec i . c l c i  o l  ro l i ove r ,
suggBs l l ng  l l l a l  veh l c les  l ha t  8 re  s l l o r l  l n  l 6n0 th
reial lv€ lo l l l€ l r  wldth B(a mot€ l iksly lo rol lovet
t l )an tonger wlreelbase vehlcles.  Tl ta regrasslon
m o d e l s  l o r  r u r a l  g n d  u r b e n  a r a a s  w s r e
E U b s t a n l l a l l y  s l m l l a r  I n d l c a l l n g  ( h a t  t h o
mechanisms o[ rol lovar are lhe sams.

T h e  s e p a r a r e  p a r B m e t B r  e s l l m s 1 6 s  l o r '
p i ck t - rps ,  u l l l l l y  vsh l c les  and  Passongor  ca l s
eslabl ish thal  glckup 8nd ul i l l ly  vehlcles behsvs
In  s lm l l a r  ways .  Tha l  I s ,  ro l l ove l  odds  can  be

-- piodic led ushrg l rack wldlh to cg helght ral io for
hol l )  vel t lc le lyoes. ln lerrns ol  olher paramelers,
d r l ve r  ege  aopeared  mcrs  lmpor tan t  8s  a
prsdlctor ol  rolrover Ior pickup trucks, Thl6 13

In oart  due to lho l lml led range ol  lh ls vsr lebl t
l o r  u l l l l t y  vo l r i c l es  bocsuss  u l l l l t y  mode ls  had  I

vBry  h lgh  p ropo r l l on  o l  young  d r l vo r6 .  S lm l lB r l .
t he ' t ra i k  w ld l l l  l o  w l ro€ lbas€  pa ramo le r  w l r l c l

wes  n  s lgn l l l can l  P I0d l c lo r  o l  ro l l ovo r  l o r  r r l l l l l
vshlc lss dld not work lor plckups. Tl lo rBnq0 c

lhls paramelsr lor  plc l r ' r rps ls l l rn l tod bocaus6, I

oanoral ,  a l l  p lckups l rave la lr ly lon0 wlrsolbase
in  ra la t l on  l o  t l l e l r  l r ack  w ld l l l .  U t l l l l y  vo l l l c l s
on  tho  o lho r  ha t td  have  a  much  w lde r  ra t tge  t
w l ros lbass .  Fo r  axomp lo ,  l ho re  a re  a  numbor  I
B l ro r t  u t l l l t y  vo l l l c l os  (Suzuk l  Sa tnu ro l '  2  do (
M o n t e r o ,  e l c )  a s  w s l l  a r  l o t t g o r  w l r e e l b e s
v0h lc l€s  (Toyo la  Lsnd  Cru l se r ,  l su :u  T roopc

€lc.)  lncludod In l l ro s8lnpl6.
T l r l e  l o c k  o l  r s n o o  l o t  P a r t l c u l r

parsm0lBIs also oxplBins wtry lho . l r  8ck v" ldl l l

cg  ho lg l ) l  r a l l o  wos  no t  e  good  P red lc l0 l
ro l l ove r  l o r  PassBn0or  ca r6 .  W l lh  o r ) s  o r  l v

s x c e p l l o n 6 ,  c e n l € I  o l  0 r s v l l y  h s l 0 h 1 6  - l
psssengor cars al l  la l l  wl lh ln s stnal l  rar:g0'  Tl

mnans lhal  l rack wldth to cg holglr t  rs l io bacom

a su r rogB le  fo r  l r ack  w ld th  o r  mors  g€nerg

velr lc le shs wlr lch ls why whoslbass bscomos t

Etron0€st Prodlclor ol  to l lover.-  
Trylng lo dovalop 8epar8l0 models lor I

lhree vehlcle lyPBs clssr ly hsd probletns Decau

o(  the  l lm l ted  rEnges  o f  soms  pB(sme l€

Comb ln lng  l hs  voh lc l€  l ypes  In to  one  modE l

us lng  veh lc la  t ype  c8 l€go r l ca l  va r l ab les
olckup tr t rcks €nd ut l l l ty vehlcles €stsbl ishad l l'dtW 

er age, wh6€lbase and lrack widtll lo c0 hsil
i e r t c  ware  s lon l l l csn t  p tod l c to rs  o l  veh i '
lo l lover.  Howevsr,  both vehlcle lypB parsmBl '
we re  s lgn l l i can t  6ugges l l ng  tha l  l hBrs  was  s

some rema ln ing  va r la t i on  a l l r l bu tsb l s  l o  vsn l

t ype .  To  l l l us l re l s  l he  r iBgn l tude  o l  l h€  ve l l J

typs ot lscl ,  l l  lor  a pickup truck the l rack wl '

to c0 hGlOht 16l lo woro lncreassd l rom 1'0 { l
end  o l  i i gb l  l r ucks )  l o  1 .5  (a r  sve rage  passen

car).  th8 log odds o( rol lov8r would bs reducso
0 .74  ( -1 .187  x  o '5 )  wh lch  l s  spp rox lma ls l y
sam€ magn i l udo  8s  l hs  p l ckup  v€ l r l c {e  l )
v a r l a b l e  ( 0 . 8 9 5 ) .  T h l s  e u O O a s l s  l h a l  I n e r g
s o m e  o t l l s r  e { l s c t  c o n l r l b u l l n g  l o  l i g h l  l r '

t o l l o v a r  w h l c h  h a s  e  s l m l l a r  m a Q n i l u d 0  l o

l rack wld lh lo  cg height  parsmelsr .  l t  could

a r g u e d  l h a l  t h i s  s l i l l  r e l l o c l s  d l l l s r s n t  o p e r a i

condl l lons,  s l lhou0h,  lh ls  analys ls  hBs conl ro

t o r  d r l v e r  c h a r a c l o r l s l l c s  a n d  l o  s o m e  s x l

Bnvi ronmonts l  condl t lons by separa l ing rure l  ;

ulban are as.
The etfecls ol othor snvl.onrnsnla/ lac

were erp iored Inc luding road curyalut€ '  I (



'  or le,  w€at l )er conct l l lons, atrd reglon o[  cout l l ry
--nr,d 

wlr t te sott te EhowecJ slgl l l l lc8nl  cotrols. l lon

n o | t e  c l t s n ? o d  l l r 0  b o s l c  r s l R l l o n s l r l p  b € l w e o n  l l g l l l

I t u c k s  a n i  c o r s .  
' l l l 6 l  l r ' ,  o Y o n  8 l l € r  l o k l l t g

a c c o u t t l  o l  v a t l s l l o n  e x p l n l n o d  t > y  l h e s o  v B r i s b l 0 s '

i i , r :u . r ' i . ro  l ype  pr r ra lnc lo r  wss  s t l l l  s lgn l l l ca t t t '
i ro*ou.t,  alt i ioupti  lhoro ls s resldual vehlcle lypo

e l lec t ,  l l  s l lou ld  bo  s t ressod l l tB l  B  subs lBn l lB l  psr l

o l  l l ro  d l l la ts t rcB b€ lwBGn l ip l r l  t rucks  a1d co ts .  ! s
due  lo  l l lR l r  l r l g l l € r  c0n l0 r  o l  g rRv l l y  l ) c l 9 l l l s  .  I  n l s

is corr{knred Uy fcotr tnq 8l  csr modsls l l ls t  hnvo

lo! ,{  l racl ' .  wldl l r  1o cA hslgl l l  ta l los For examplo'
i l gu ,e  O  s l : ows  l l r a t  6s13  v i l r l c l l  l l 8v0  l ' l l l usuo l l y

l o ' ^ '  r s l l os  l rBvs  co r rsspo t l d l r rg l y  h lg l l  r o l l o . ve r

f robab l t l r l es  l l ) o l  8 ro  In  l l t c  ss tno  r s r tg6  8s  l i g l t t

i r usks  w l l h  equ lva len l l y  l r l g l l  t t scK  \Y ld th  t0  c0

he  IQ  l r l  r  B  l l os ,
Tlro assoclsl lon bolweett  contgr ol  0rsvl ly

l relqlr l  and i t tcreasod tol lovor l requet)cy lor. l lght

l r t tCks  co tnpa red  !o  pos tenger  ca rs  has  bs0n

recogt l lzo( l  by ot l ters l  s Al lhouglr  l lmi isd lo lour

oldei  nrocjel  u l i l l ly  vshlc les at ld 11 passenger car

rrror le ls.  t l t ls  s ludl 'd id Ehow l l la l  vel t lc les wi l l r  low

trsck wldlh lo c0'helgt i l  ra l los had tr lOher rol lover

ta les  l l l an  paggenge i  ca l s  l v l t l l  h l g l r  ra l l os ' .  Wha l

,  . i .n,  l rorn l l t ls '  sncj  l l ra currenl  6ludy ls l l lat
- ,  e l i lc l0s wl l l r  l l lgh csnters ol  gravl ty In rolal lon

to  l l ! e l r  l r ack  w ld th  w l l l  r o l l  ovo r  more

l r squen l l y ,'  
Tl ie lacl  lhal  to l lovst r lsk ls correlEl6d

v/ l l l )  l rack widlh lo c0 heigtr l  ra l lo raisBs t l l9
ques l i on  o l  w l rB lh€ r  sa tB iy  pe l l o l t nenco  s landaros
slroutd be wrl l len io co: l l ro l  rol lovor propensl ly '
T l re  i ssue  o f  v rho lhe r  3  s tandard  cou ld  be

es rab l l shed  us lng  I  s l ab l l l l y  l ac lo r  c r l l e r i o .n
based  on  cg  he lg l r i  snd  l rack  w id lh  has  B ) teBoy

been  ra l seC in  s  pe l l l l on  l o  N I ITSA '16  Such  a

si inpl i l ied apptcaci ,  l las l lml la l ions because'  for

e *au 'p te ,  l t  
' i oes  

nc l  d i l l s ren i lB lo  be tween  sms l l
vgtr ic ies t i la l  could tol l  over morg l requenl ly l l lan

la rgo  ve l l l c l es  (g l ven  l l r a t  bo l l r  have  l ha  same
. t racl  r ' , ' id l i r  lo Jg halglr l  rat lo) '  Howsver,  l l r€

resul ls presett lod ln Flgure 6 show lhal  adopl ing a

lov /e r  t i l n l t  o t  1 ' 25  Io r  l l r e  l rBck  tY ld lh  l o  ce
l re ia l t l  r a t i o  cou lC  red t r ce  subs tan t i a l l y  l l l e
ro l i ove r  l r equency  o {  l i g l r l  l r ucLs  . I n  deny ln?
i l r l s  po l l t l on .  N I iTSA Er iued  l ha t  l h l s  spp ros9 l l
docs  no l  l ake  scooun t  

' o l  veh i : l e  c i t a rac lB r t s l l cg
t l la l  co: l l r lbui0 lo a vehicle 's becomlng Involved ln

an accld8nl wlr lch Includes rol lover" lT Thal ls '  e
' r l l ic le '6 handl lng pet lorrcance r i laY contr lbul6.  lo

1.--  I t ig l ,  crasl t  rale,  whlch ln lurn produces..s ntgn
rol lo i 'ar  ta le nol  becsuse ot poor 6tabl l l ly  bul

ooo t  hand t l nq  pe r lo rmance '  P rev loug  l o toa rcn

i o o x o O  r o r i e w l r s t  u n s u c c 0 ! E l u l l y  l o (  . 8 n
" -p -p iop , f t r "  l r and l l ng  pe r lo rmonc6 /s lab l l l l y

n lAnouvor  l o  dosc r lbs  ovs l s l l  l l ek  l o  t o l l  ovo t l 8

i f i i s  e t t  o t  wo rk  concBn l ra l sd  on  d l l l s ton l l d l l r rg

; ; i ; ; ;  l na  ro l l ovo t  p roPons l l y  o l . . . 6mF l l  . 8 .nd
lo ,un  Durso , ,0 r r  cRrs  and  l l l e  hand l l n0 i  s lEb l l l l y

; ; l ;* ; ; "- t - ;o iues lor el l  l l ls  vohlclBB general lv

[ ' " ' o  "o f f  be low  t l r o  l l r r es t ro ld  o l  t o l l ove r  l o r

l l oh l  t l ucks .  l { ov reve r ,  pe r lo rmance  mBnc tJv0 rs

i i " i n i t - l t p .  a l rou ld  bs  rev lowod  to  es lab l l eh

*n " i i t o ,  
' r i oy  

cou ld  bo  us€d  to  d l l l s fen l l a l s

be l -aen  po i songar  ca rs  ond  l l gh l  l f ucks  Bno

i i  otn"t  t t ioy ' . . " r ' i ta ldcnl i l , '  vohlcls dot lgns thal

t"u" "n unoc"eptably hlph r lsk ol  to l lover '

Ao(l'JOi/{IEDG'"44'.lT

The gul l tors wotr ld t lke lo thenk Paul Zador

lo r  h lg  
' f  

nJa fuaUf  e  hs lp  Y / l l h  l ha  s ta t l s t l cs l

r""C. i i l r ' tg 8nd thB Rosostch Dsp-ar lm0nl.  " l  
.J l :

i ; ; ; ; ; ; " ;  inst l rute lor Hlehwav sBlslv 'or  lhorr

suPporl  o l  the worl"

NEFFJIE^DFS

1 ,  N s l l o n a l  H l g h w a Y T r a f t l c  S a f  e l i

2.

Raport  to lhe Commll lses on Appropt ial lons

U.d. r ]or. t  o l  R epre senla l lves, U'S'  Senate

Wash lno ton ,  OC,  U 'S .  DsPar lmsn l  o

Transpo;ts l lon, 1987.

Slalus Reqprt. Small Passenger Vehlcles t

P rob lem.  2? l2 l  1 -8 .  19E7 '

Snvder. R.G', l"'lcDole' T.L., LBdd' W'l''i" 8n

t ' l t iansn D.J.  On'Road CrBsh Experlsncc r

U t t t i t y  Veh lc les .  Ann  A rbo r ,  Un ive rs l t y  c

t l i " f , ioun Highway Salsly Eesesrch tnsl l lu l r

1 9 8 0 .
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Comoar l son  o l  t l r e  C rash  Exper lence
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7A
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1 9 7 6 .
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Resealclr  Board Conloronco, ndolBld€, 1974'
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T A B L E  2 - . C o r t o h t l o n  M r l r l r  o l  l n d o p e n d c n t  V e t l a b l c r

I I N ' l A N   N F A q N  r  s 7 4 0

WHEELBASE
TRAC}g

WHEELB^SE
VEHICLE
TYPE

T RAC}'J
!- l I lcl\>a-r I

DFIVEN
AGE

Whsobss6 r . 0 - 0 , 3 0 0 . 1 8 7 0.2 . { 0 . 2 1

TrBck/Wh66lb85o . 0 . o . 1 ? . 0 . 0 6

Vshlcl€ Typo 1  . 0 . 0 . 7 1 . 0 . 1 6

Trsck/Co Holohl 1 . 0

Dr lver  Aoe

N I I F I A I  A F I t r A S N  =  6 0 9 6

W}{EELB^SE
TRACIg

WHEELEASE
V E  H IULE

I  T  I ' C

TR^CK/
L{J rlEr\jrr 1 |

DRIVEN

WhBBlbase 1 . 0 - U . J J n  , < U . Z O 0 . 1 4

Track/Whaelbaso 0 . 2 5 . 0 . 0 5

Vehlcle TvDe n - 0 . 6 1

Trac*<./Co Helohl 1 . 0 0 . 1 8

Drlvar Ao e 1 . 0



c x u p  I  r ' J c x 5
p Voluo

lndepsndonl Var lable ur, t8 S l C .  E t t o r C h l - s q u a t o

l l l l e r c o D l 0 . 2 3 6 0 . 0 3 5 4 4 . 4 8 < . 0 0 0 1

5 5 . 0 4 < . 0 0 0 1
Dr l ve t  Aos . 0 . 0  |  I 0 . 0 0 2

TrackJco Helql t l 0 . 3 4 0 5 l , l a < . 0 0 0 1

TABLE 3- -  Rrgror l  lon

V c  h l c l o  C r A  t h  r t

Equ r  t lon  lo r  Ho l lovcr

In  Rr . r re l  Arc r r  bY TYPc

O d d r  I n  S l n g l c

o l  V a h l c  l o

r t

Model  Ch l -squsrs  '  125 '61  w l th  2  D.F .

Fractlon ol concotdsnl palrJ .  0.611

N - 3383 (rolfovers - 1873)

u r l l l r V e h l c l o r

l",lod e I Chf .squate - 29.72 wlth 2 D.F.

Fracl lon ol  concordanl palrs '  0.583

N - 1224 (rol lovers -  920)

For  Automobl les

Modei Chl-rquare -  198.2 I  vt l lh 2 D.F.

Fracl lon ol  conctrdanl palrs -  0.620

N '  5153  ( ro l l cve i s  -  1882)

b a

O I  U I I I I T Y  Y C T I I G

l r rdebondonl Vsr lablo B  e l6 S ld .  E r ro r C  h l - sq  u  a t  I o Valus

l n l s r c€D l 1  . 1 4 2 0 . 0 6 8 2 8 0 . 4 3 < . 0 0 0  |

T racklWlreolbsse I  q 8 2 1 5 . 3 5 < . 0 0 0  |

1 9 . 6 2 < . 0 0 0 1
TracVco Heiqlt l . / . J V J 1  , 6 7 0

lrrdeoendenl Variable Bela S l d .  E r r o r C h l - s o u a r e D Valu€

l r l  l € r  ceD l . 0 . 5 7 8 0 . 0 3 0 J t  t . t 0 < . 0 0 0 1

\Mreebass . 0 . 0 1 3 0 . 0 0 5 9 l . 6 2 < . 0 0 0  1

Drher Aqe . 0 . 0  I  3 0 . 0 0 2 6 1 . 4  t < .0  00  |



T A B L E  4 - B e g r s s g l o n  E q u a t l o n

V e h  l c  l e  C r a s h o e  l n  U t b a n

l o r  B o l l o v s r  O d d g  l n  S l n g l c

Ares t  bY  TYPo  o l  Veh lc lo

n

' 4 ,

Model Chl-square - 82.00 wllh 2 D.F.

Frscl lon ol concordanl pah's - 0.662

N -  1343 ( ro l lovers  -  345)

llodel Chl-squarc - 52.76 wlth 2 D.F.

Fr8ctlon oi concordanl pairs - 0'686

N - 634 (rol lovers - 278)

Model Chl-squara -  82.53 wlth 2 D.F.

Fracl ion ol  @ncordant Palrs -  0.623

N - 4219 (rol lovers -  529)

un Tru  ck  s
p Valuo

lndepende{!s!99!9 Bo t s S ld ,  E r ro r

I n l e r c g p l 1 . 1 4 9 0 . 0 6 7 ? 9 0 . 9 0 < . 0  0 0  |

< . 0 0 0 1
Track/cq l  l  e lqhl - { . 1 5 0 0 . 6 0 7 4  6 . 7 8

Drlv€r AP€ - 0 . 0 2 4 0 . 0 0 5 2 0 , 1 9 < . 0  0 0  |

U l l l t l v  V e  h  l c l e s
Chl .squ a t  e p Value

lMopandeni !arlable Bs la Sld .  Er to r

0 - 5 9 . 4  4
l n l e rcep l 0 . 0 7 0 0 . 0 9 2

1 9 . 6 1 < . 0 0 0 1
Trad</co Helohl 1 I  t 1 p . 2 . 5 3 8

Wheobass - 0 . 0 1 1 0 . 0 1 3

a S S A n O g r  U 8 r !

Chl -square p Value
lndependent Veriab)e S ld .  E r ro r

l n  l s  r c  Bp l - 2 . A 1 7 0 . 0 5 0 1 6 4 6 . 8 1 < . 0 0 0 1

Whoelbass - 0 . 0 1 1 0 . 0 0 7 a 2  . l Q < . 0 0 0 1

Dr lver  Aqe . 0 . 0 1 6 0 . 0 0 3 2 8 . 6 8 < . 0 0 0 1



h rderrorUetr l  Vsrlable Be la S l d .  E r t o r Cl r l . squa ro p Value

I n t e r c € D l . 0 , 4 4 1 0 . 0 5 , ( 6 7 . 5 5 < . 0 0 0 . |

Whoelbase . 0 . 0  I  B 0 . 0 0 1 2  t  . 4  0 < . 0 0 0  |

Trock/Wlreelbeso - 0 . 1  1 3 1  . 1 0 6 0 . 0 1

Track/co Hololr 1 . 1 8 7 0 . 3 9 6 1 4 , 0 7 . 0 0 0 2

Dr l vo f  noo . 0 . 0 1 5 0 . 0 0  ! 1 2 5 , 8 3 < . 0 0 0 1

P lcku o 0 . 6 9 5 0 . 0 9 8 J U . . J O < , 0 0 0 1

U  t l l l l y 0 . 9 6 5 0 , 1  5 3 3 9 . 5 7 < , 0 0 0 1

TABLE 5- -Regr r r t lon  Equr t lon

V c h l c l c  C r a t l t o r  I n  R u r r l  A t o r r

lo r  Ro l lovor  Oddr

(A l l  Veh lc lo  TY Per

l n  S l n g l c

Comb ln .d )
;
:11

l " lodel  Chl-aquare -  1000.49 wl lh 6 D.F.

Frscl lon ol  concofdsnl  pslrs -  0.684

N -  9740  ( ro l l ove rs  -  4675)

:

a

x

8.4



TABLE 5 - -Hegrc  s  g  l on  Equa t lon

V o h l c l e  C t s ! l ! o s  l n  F l u r a l  A r o a s

l o r  R o l l o v c r  O d d t  l n  S l n g l o

( A t l  V e h  l c l e  T Y P e s  C o m b l n o d )

iz
#

:i:

. f
ai
l i

;:
t-

l:

l-t

;,

I
.

1.

. : i

. .

l , lodel  Clr l .square -  1000.49 wlth 6 D.F.

Frecl lon of  concordsnl  palrs -  0.684

N -  9740  ( ro l l ove rs  -  4675)

EJ
.l

t

l

j ,.

: ,

':,

;
l

lndepetdel) l  Vat lable B e l s S l d .  E r t o r Clr l -squo lB D VD lue

I n l o r c a D l . 0 . 1 4 1 0 . 0 5 1 A ' r  ( q < . 0 0 0 1

Wlreelbqlg _ - 0 . 0 1 8 0 . 0 0 4 2  1  . 4  6 < . 0 0 0 1

Tracldwlrs BlbBse . 0 . 1 r 3 1 . 1 0 6 0 . 0 1

Track/cq Hol0 l r l 1 . 4 e 7 0 , 3 9 6 1 4 . 0 7 . 0 0 0 2

Dr lvor  Aoo . 0 . 0 1 5 0 . 0 0 1 1 2 5 . 8 3 < . 0 0 0  I

Plckuo 0 . 6 8 5 0 . 0 9 8 5 0 . 3  B < . 0 0 0 1

U l l l l l y 0 . 9 6 5 0 . 1 5 3
' r q  E 7 < . 0 0 0 1

8,{



T A B L E  5 - - R o g t e s g l o n  E q  u  a  t l o n

C r s s h s B  I n  U t b a n  A r e s s

f o r  F o l l o v e r  O d d s

( / r l l  Voh lc le  TYPos

I n  S  l n g  l o  V e h l c l e

C o n s l d o r e d )

lMooe ndoul Vnr labla B e t a Std .  Er ro r C l r l . s e u a r e F Va[,o

l n l s r c e D l - 1 - t s 6 3 0 . 0 6 6 7 9 9 . 5 5 < . o 0 0  1

Wheehaso . 0 . 0 ? 4 0 . 0 0 6 1 4 . 6 1 . 0 0 0  |

Trnck /Wheo lbaso {  f  7 0 1 . 6 8 8 1 . 1 1

T t  scUco f  lo io l r l . 2 . 6 0 1 0 . 6 2 7 1 7 . 2 3 < . 0 0 0 1

Drlver Aoe - 0 . 0  1  8 0 . 0 0 3 J Z . t  I < . 0 0 0 1

P lck  u  o 0 . 6 4 3 U . l t r z 1  5 . 7  4 . 0 0 0 l

U l l l l l y d  a a F 1 3 . 0 1 . 0 0 0 3

Model Clr l .sque re -  727 .Q6 wlth 6 D.F.

Fracl lon ol  conccrdanl palrs '  0.719

N -  6090  ( ro l l ove rs  -  1152)
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Flgure  2  Common lJ lec l ran isms o f  Ro l lovers

(a)  -  Maneuvet r  Induced Rol lover

(b)  -  Tr ipped Flo l lover
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